A peripheral neuroblastoma was found in the abdominal cavity of a young male beagle dog. The large tumor mass involved the left kidney and both adrenal glands. Histologically, a major portion of the neoplasm consisted of lobulated sheets of small round cells with hyperchromatic nuclei mixed with polygonal cells and neuropil. Small clusters of polygonal cells with abundant eosinophilic cytoplasm and a trabecular growth pattern were observed adjacent to some of the tumor lobules. Small, round neoplastic cells metastasized to lumbar lymph nodes and also to the adrenal glands. The neoplastic cells were positive for neuron-specific enolase, synaptophysin, and neurofilament protein. Electron micrographs revealed intracytoplasmic dense core granules, microtubules, intermediate filaments, and desmosomes in the cytoplasm of the neoplastic cells.
Neuroblastoma, one of the most common neoplasms in human infancy and childhood, is thought to be derived from primordial neural crest cells migrating from the mantle layer of the developing spinal cord. During development, neural crest cells populate the primordium of the sympathetic ganglia and adrenal medulla (1) . Neuroblastomas are extremely rare in domesticated animals. Light microscopic features of 6 cases of neuroblastoma in dogs, presumably originating from the adrenal medulla or nerve cells, have been reported (3) (4) (5) .
A male beagle, purchased from Oriental Maruichi Kyodo Co., Ltd., Yamaguchi, Japan, showed progressive emaciation and weakness when 1.5 yr old. This dog was euthanatized by exsanguination under sodium pentobarbital anesthesia, and a complete necropsy was performed. A 10-X 11-X 13-cm mass weighing 476.5 g was present in the middle of the abdominal cavity, was loosely adherent to the dorsal peritoneum, and involved the mesentery, left kidney, and both adrenal glands. The neoplasm was discrete, encapsulated, multilobulated, and solid with a mottled coloration on the natural and cut surfaces (Fig. 1 ). The left kidney was markedly enlarged, and the pelvic cavity was distended. The lumbar lymph nodes were also markedly enlarged. No gross lesions were observed in any other organs or tissues.
Tissues were fixed in 10% neutral buffered formalin, trimmed, and routinely processed and embedded in paraffin. Sections were cut at 5 VLm and stained with hematoxylin and eosin (H&E), periodic acid-Schiff (PAS), or Grimelius stain. Immunohistochemical staining was performed for neurofilaments of the 3 major polypeptide subunits (70 kDa, 160 kDa, and 200 kDa) (primary antibody dilution of 1:1 ), neuron-specific enolase (NSE; pri-mary antibody dilution of 1:1 ), synaptophysin (primary antibody dilution of 1:10), S-100 protein (primary antibody dilution of 1:10), chromogranin A (primary antibody dilution of 1:1 ), glial fibrillary acidic protein (GFAP; primary antibody dilution of 1:1 ), and myoglobin (primary antibody dilution of 1:200) using commercially available antibodies for each antigen (Dako Japan Co., Ltd., Kyoto, Japan) and a standard avidin-biotin-peroxidase complex (ABC) kit (Vector Laboratories, Burlingame, CA, USA).
For transmission electron microscopy, tissue was prefixed with 3% glutaraldehyde in 0.1 M phosphate buffer (pH 7.2) and postfixed in 2% osmium tetraoxide in 0.2 M phosphate buffer (pH 7.2) containing 0.5 M sucrose for 1 hr at room temperature, dehydrated through ascending concentrations of ethanol, and embedded in Epok 812 (Oken Co., Ltd., Tokyo, Japan). Ultrathin sections were cut with a Reichert-Jung OmU4 ultramicrotome (Leica, Aktiengesellschaft, Wien, Austria), stained with uranyl acetate and lead nitrate, and examined using a JEOL JEM-1010 electron microscope (JEOL Ltd., Tokyo, Japan).
Histologically, the neoplasm was surrounded by a thick, fibrous capsule and was well demarcated from the left kidney. The neoplasm was composed of lobulated sheets of 3 different types of neoplastic cells. The major cell type was small and round with scanty cytoplasm and round to ovoid hyperchromatic nuclei. These cells were present in clusters often admixed with the second cell type, a larger polygonal cell with indistinct cell borders and pale eosinophilic cytoplasm. Mats of neuropil were also visible in the subcapsular site (Fig. 2 ). The third type of cell was large and characterized by abundant eosinophilic cytoplasm, thin cytoplasmic processes, and an enlarged ovoid nucleus (Fig. 3 ). These large cells had morphologic similarities to ganglion cells and were often arranged in a trabecular growth pattern present adjacent to FtG. l.-Neuroblastoma; beagle dog. The large mass is encapsulated and mottled (tan and white) and involves the left adrenal gland (arrowhead) and the kidney. Renal dopalisading neoplastic cells and mats of neuropil stroma were also visible. Transgression through the fibrous capsule by neoplastic cells was not present, but metastatic spread of neoplastic cells was observed in the medullary and cortical sinusoids of the adrenal gland, in the med-ullary and marginal sinuses in the lumbar lymph node, and also in the lumina of medium-sized arteries in the renal pelvis.
Small round polygonal and large neoplastic cells were negative with PAS and Grimelius stains. The polygonal cells were rarely positive for neurofilaments (Fig. 4a ); most were diffusely positive for synaptophysin ( Fig. 4b ) and NSE, but none were positive for S-100, GFAP, chromogranin A, or myoglobin. None of the small round neoplastic cells were positive for any of these antibodies.
Ultrastructurally, the cytoplasm of some polygonal neoplastic cells had small numbers of dense granules containing a central core with a peripheral halo, aggregated 30-nm-diameter microtubules (Fig. 5 ), and 10-nm-thick helical intermediate filaments. Desmosomes were seen on the cell membrane of the small round cells. The cytoplasm had well-developed mitochondria, rough endoplasmic reticulum, and Golgi profiles. Nuclei had irregularly shaped profiles and contained prominent heterochromatin.
Based on morphologic and immunohistochemical features, the neoplasm was diagnosed as a peripheral neuroblastoma. Although an obvious primary site was not found, the neoplasm likely originated from a sympathetic ganglion. The differential diagnosis of embryonal rhabdomyosarcoma was ruled out because of the absence of abundant cytoplasm, myofilaments, and Z-band material.
Likewise, Ewing's sarcoma was considered but ruled out because of the absence of regularly shaped nuclei, stippled nuclear chromatin, or rosettelike structures. In contrast to Ewing's sarcoma and embryonal rhabdomyosarcoma, the neoplastic cells in this tumor lacked glycogen.
Human neuroblastic neoplasms are classified into 3 major histologic subtypes depending on the degree of ganglionic differentiation: neuroblastoma, ganglioneuroblastoma, and ganglioneuroma (1) . A neuroblastoma is composed of neuroblasts constituting the entire or a predominant portion (>50%) of the neoplastic cells. This neoplasm is further subdivided into undifferentiated, poorly differentiated, and differentiating forms, depending on the percentage of cells showing ganglionic differentiation. Undifferentiated forms display no ganglionic differentiation, whereas the other 2 types display less than 5% or more than 5% differentiating cells, respectively (2) . The present neoplasm was mainly composed of small round cells, and less than 5% of the neoplastic cells showed ganglionic differentiation. Variable amounts of fibrillar eosinophilic matrix consistent with neuropil were present. Although neuron specific enolase as a maker of central and peripheral neural neoplasms is known to lack specificity and Schwann cell elements could have been present in this neoplasm, Schwann cell components staining with S-100 or GFAP were not recognized. Most of neoplastic cells showed diffusely positive staining for synaptophysin, a neuroendocrine granule component typically present in neuroblastomas, including olfactory neuroblastomas (6) . Rosette pattern formation, one of the distinctive microscopic features of neuroblastomas, was not obvious in this case. According to Shimada's nomenclature (2) for neuroblastomas, this neoplasm was considered to be a poorly differentiated neuroblastoma.
Neuroblastomas (3, 5) and peripheral neuroblastomas (4) have been previously reported primarily in dogs less than 3 yr of age, as was the dog in the present case. This case was incidental; no similar lesions were seen in littermates. This is the first report of the ultrastructural features of canine neuroblastoma. ACKNOWLEDGMENT We gratefully acknowledge Dr. Robert R. Maronpot for reviewing the manuscript.
